Summary
There is evidence that nutritional phosphorus (P) excess may be a risk factor for chronic kidney disease (CKD) in humans and pets (Advances in Nutrition: An International Review Journal (2014), 5, 104; The American Journal of Clinical Nutrition, (2013), 98, 6; Journal of Feline Medicine and Surgery, (2017) ; The source of phosphorus influences serum PTH, apparent digestibility and blood levels of calcium and phosphorus in dogs fed high phosphorus diets with balanced Ca/P ratio. matched dogs (n = 57) and cats (n = 18) without diagnosed or suspected CKD served as controls. The most frequent type of diet used in the four groups (cats CKD, cats control, dogs CKD and dogs control) was home-made. In all groups, P and protein supply was in excess (>150%) of the recommended daily allowances (RDA; Nutrient requirements of dogs and cats (2006) , National Research Council, National Academy Press). Between the dog groups, no differences regarding P and protein intake existed. The P and protein intake relative to the RDA was altogether higher in cats than in dogs. Cats with CKD showed significantly higher P and protein intakes prior to diagnosis than the control cats (170 ± 36 vs. 123 ± 34 mg P/kg BW 0.67 ; p < .05). These observations call for further investigations into the long-term effects of P excess.
K E Y W O R D S
cat, chronic kidney disease, dog, phosphorus, protein diagnosis of this progressive disease. Up to a certain point, the remaining intact glomeruli have a huge capacity to mask the receding functionality of the kidneys and, by the time of diagnosis, the proportion of damaged renal tissue is as high as about 66%-75% (Elliott & Barber, 1998) . At this stage, a definite trigger or causative agent is hard to identify because of the time between onset and symptoms.
In dogs, the aetiology of CKD is not completely understood and often hard to determine (MacDougall, Cook, Steward, & Cattell, 1986) .
That reduction in dietary phosphorus (P) and, in certain cases, protein may slow down the progression of renal damage and therefore increases survival time in patients with CKD is a well-known fact (Elliott, Rawlings, Markwell, & Barber, 2000; Geddes, Finch, Syme, & Elliott, 2013; Leibetseder & Neufeld, 1991; Polzin, Osborne, & Adams, 1991) .
If and to which degree excessive protein and/or P intake plays a role in the development of CKD is disputed in the literature. A meta-analysis of several studies on humans with renal disease led to the conclusion that a beneficial effect of dietary protein restriction existed but was weak (Kassiske, Lakutua, Ma, Ma, & Louis, 1998) . In healthy subjects, no impact of high protein supply on the development of impaired renal function was observed (Knight et al. 2003 , Martin et al. 2005 . For dogs and cats, the data from literature about effects of protein intake on renal disease are discordant with some works suggesting negative effects (Adams, Polzin, Osborne, & O'Brien, 1993; Polzin, Osborne, Stevens, & Hayden, 1982) and others stating no adverse protein effects (Finco et al., 1992 (Finco et al., , 1998 Robertson et al., 1986) or even lower odds of CKD in cats with increased protein supply (Hughes et al. 2002) . Detrimental effects of nutritional P excess on renal health have been demonstrated in rats (MacKay & Oliver, 1935) , dogs (Schneider et al., 1980; Siedler & Dobenecker, 2016) , cats (Dobenecker et al., 2017; Pastoor, Klooster, Mathot, & Beynen, 1995) and humans (Calvo & Uribarri, 2013; Ritz, Hahn, Ketteler, Kuhlmann, & Mann, 2012) . Calvo and Uribarri (2013) and Calvo et al. (2014) reviewed the potential adverse impact of the increasing P intake of the general US population in the context of its suspected link to renal failure, cardiovascular diseases and osteoporosis. They were able to show that P intakes are clearly above the requirements as well as the recommended daily intake, often in combination with a distortion of dietary calcium/phosphorus (Ca/P) ratios.
The authors postulated a causative relation between excessive P intake and the prevalence for the disease complexes named above based on estimation of P intakes from demographic data in combination with evaluation of clinical trials and animal experiments. In the present observational study, we intended to quantify the long-term protein and P intake of individuals with CKD before its diagnosis by comparing feeding histories of CKD patients to the nutrient intake of age-matched dogs and cats without symptoms of renal disease. The aim of the study was to obtain epidemiological information on these potential risk factors contributing to canine and feline CKD.
| ANIMAL S , MATERIAL AND ME THODS
Cases of cats and dogs with diagnosed CKD and protocolled nutritional history assessed as complete presented to our nutrition consultation service between October 2009 and March 2016 were evaluated. Cases with proven non-nutrition-related aetiology (e.g., infections, neoplasia and congenital renal disorders) were not taken into account. Owners had filled in a standardised questionnaire about the feeding history and disease(s) of their pet. If important information about the animals' diet were missing in the questionnaire, owners would contacted via phone or mail to clarify these points. This way sufficient feeding history for our nutritional consultation service could be obtained. For the included cases, a calculation of the ration fed before the diagnosis of CKD was performed (pre-CKD diet) using a specialised software (Diet Check Munich, 1998) . Energy supply was compared with the mean energy requirement. The daily supply of protein and P was calculated and compared with recommended daily allowances (RDA) published by the NRC (2006) . As a kind of control or reference group, senior dogs and cats without diagnosed CKD (age ≥ 8 years; some with other diseases diagnosed) presented for nutritional consultation in the same time period were evaluated. The diets those animals had received in the months and years before nutritional consultation were equally evaluated for daily protein and P supply.
A Mann-Whitney rank sum test was performed using SigmaPlot to establish significant differences between CKD patients and controls. A p ≤ .05 was considered a significant difference.
| RE SULTS
In total, cases of 182 dogs and 62 cats with CKD presented during the defined time span were evaluated for this survey. For 75 dogs and 16 cats, a ration calculation of the complete pre-CKD diet was possible to perform. In all of these cases, owners also had not ticked a box in the questionnaire that the animal's diet had been changed recently or otherwise indicated a change of diet. In the other cases, documentation of feeding history was incomplete or the diet had been too inconsistent to evaluate. A total of 57 dogs and 18 cats without any reported clinical or suspected signs of CKD served as a healthy reference.
The type of diet that was fed most often was a home-made diet in control as well as CKR animals of both species. This kind of diet consisted of cooked and/or raw feed items including so-called BARF formulations which often also included prepared snacks or treats. For 45.7% of the CKD dogs and 50.9% of the control dogs, a home-made diet made up for ≥70% of the daily metabolisable energy (ME) supply. In cats, 33.3% of the CKD group and 38.9% of the control group received ≥70% of their daily ME supply in the form of a home-made diet. Remarkably, 20% of the CKD cats were fed mainly (≥70% ME per day) moist prepared food, while in control cats, the percentage was only 11.1%.
The home-made diets fed before nutritional consultation were supplemented with commercial mineral vitamin supplements, with natural ingredients or not at all.
In the dogs, there were no significant differences between CKD and control animals regarding both P and protein supply, although control dogs tended to consume less of both nutrients when compared to the CKD dogs. The mean dietary P supply amounted to 162 ± 26 mg/ kg body weight (BW) 0.75 in the pre-CKD cases and 150 ± 28 mg/kg BW 0.75 in the controls. In 76% of the dogs with CKD (57 of 75), P intake was clearly above RDA with more than 150% RDA in 35 of these cases (46%; Figure 1 (Figure 2 ). Protein supply was above RDA also in 96% of the control dogs (55/57), and 81% (46/57) had protein intakes above 150% of RDA and therefore had a practically equal protein intake than the CKD dogs.
All cats with CKD from the collective included in this study had P and protein intakes above the RDA (170 ± 36 mg P/kg BW 0.67 and 10 ± 1 g protein/kg BW 0.67 ). Nearly all of the cats which developed CKD later in life (94%; 15/16) had P intake of more than 150% RDA before they were diagnosed. In the 16 affected cats, the majority (81%; 13/16) also received more than 150% of the RDA of protein (see Figures 3 and 4) . In the group of control cats without renal disease, the comparably high percentage of cats (94%; 17/18) received dietary P amounts above the RDA. With 123 ± 34 mg P/kg BW 0.67 , the mean P intake was clearly lower in the control animals than in the feline CKD patients. The magnitude of P excess was also much lower here than in the group of CKD cats with only 44% (8/18) receiving more than 150% RDA. This difference of the P intake in the months and years prior to the nutrition consultation was statistically significant between healthy and diseased cats (p = .031). The average protein supply added up to 8 ± 2 g/kg BW 0.67 , while it was above the RDA in 78% of the control cats (14/18). Again, significantly fewer individuals in the control group of senior cats had a protein supply of more than 150% RDA when compared to the groups of cats with CKD (44%; 8/18; p = .034). 
F I G U R E 1

| D ISCUSS I ON
The informational value of this exploratory retrospective study is limited because the diet calculation had to be reconstructed from nutritional history documentation including the necessity to accept the pet owners' specifications as complete. We also cannot tell the exact duration of the requested feeding regime in all of the cases.
However, the owners were asked for diet changes in the past via a standardised anamnestic questionnaire; this enabled us to exclude all cases where changes were announced. In all chosen cases, we therefore assumed that no recent changes had occurred. The method to survey the feeding in a retrospective study by questioning the pet owners was used in other studies before (Hughes et al. 2002; Thes et al. 2015; Thes et al. 2016 ).
Especially in cats, only a relatively small number of cases were available for evaluation both in the CKD and in the control group.
This was due to the species distribution in the nutritional consultation service where dogs constitute by far the biggest part of patients. A long-term study under defined conditions would definitely produce more accurate data to differentiate between possible nutrition-related factors on renal health. However, the aim of the study was to gather some epidemiological information about the feeding regime of cats and dogs with CKD prior to the diagnosis with emphasis on their protein and P supply also to create an awareness of possible links between the long-term intake of certain nutrients and renal damage. Further prospective studies under more controlled conditions are wanted to be able to qualify and quantify possible detrimental effects of dietary components on renal health. This retrospective analysis of the feeding of dogs and cats presented to our nutrition consultation service demonstrates also that differences in the nutritional history between cats with and without signs of receding renal health existed. The frequency of P and protein supply above RDA in the feeding history of our canine and feline patient population with and without CKD was overall quite high. The P and protein intake in relation to the RDA was altogether higher in cats. The number of cats with CKD and P intake above 150% RDA was higher than in dogs (94 vs. 76%), too. The median intake of P was 239% of the RDA in affected cats, while in the controls, it was significantly lower (147% RDA, p = .031). The median values for P intake were identical in both affected and control dogs.
The feline CKD patients of our study cohort showed significantly higher protein intakes than the control cats. Protein restriction is often recommended for renal patients with proteinuria (Lees, Brown, Elliott, Grauer, & Vaden, 2005) . However, in studies with surgically induced renal insufficiency, there was no correlation between protein intake and the development of renal lesions (Finco et al., 1998) .
Clearly, a causative link between protein supply and renal insufficiency is not probable, because high protein intake was ruled out as a risk factor for a decline in renal function in human medicine (Knight et al. 2003; Martin et al. 2005 , Halbesma et al. 2009 ) and also in cats (Hughes et al. 2002) .
On the other hand, an excessive P intake is increasingly discussed in the literature due to its probable negative impact on the health status of different species including man. Phosphate nephrotoxicity in the case of excessive P intake has been shown to affect parameters of renal health in humans (Markowitz, Stokes, Radhakrishnan, & D'Agati, 2005; Hurst & Abbott, 2009; Waldegger, 2010 and others) , dogs (Schneider et al., 1980) , rats (Katsumata, Matsuzaki, Uehara, & Suzuki, 2006 and others) as well as cats (Dobenecker et al., 2017) . The nephrotoxicity of an increased P consumption in modern societies through processed food frequently enhanced by the addition of PO 4 additives (convenience products, fast food, prepared diets, beverages) is discussed intensively in human medicine (Calvo & Uribarri, 2013; Razzaque, 2011; Ritz et al., 2012; Takeda et al., 2017) . Excessive P intake significantly disrupts the hormonal regulation of P, Ca and vitamin D, specifically the secretion and action of fibroblast growth factor 23 (FGF-23) and parathyroid hormone (PTH) (Calvo & Uribarri, 2013) . So far the exact pathomechanisms of the proposed adverse effects of a high P intake are speculated on. It is assumed that high tissue P concentrations induce oxidative stress in endothelial cells (Calvo & Uribarri, 2013) . Ca and P deposition in renal tissue leads to inflammation, tissue damage and scarring (Polzin et al., 1991) . In secondary nutritional hyperparathyroidism caused by a high P intake, secretion of PTH and FGF-23 is stimulated, thus leading also to increased renal P excretion. Among 
*
In particular, when compared to dogs, cats are probably more susceptible to renal damage because of their relatively low water intake and ability to produce highly concentrated urine. Highly concentrated urine results in higher P concentrations in the urine which probably increases the detrimental effect on the glomeruli.
Prepared foods, especially moist foods, provide on average four to five times maintenance requirements of P according to the requirements given by the National Research Council of the USA (NRC 2006), with peak P supplies of nine to ten times maintenance requirements (Anonymus 2008 , 2016 , Larsen, Parks, Heinze, & Fascetti, 2012 . Part of these high amounts of P will certainly come from bones and bone meal. Bones contain Ca and P in high Ca/P ratios of ~2.0 and higher. The Ca/P ratio in prepared foods is mostly much narrower (≤1.2), suggesting that an additional P source has to be added. With a mean Ca/P ratio of 1.0 ± 0.4 and a high proportion of moist prepared diets included, the cat diets analysed in the present survey are very likely to contain additional P. In those diets, P might in part originate from inorganic sources added for technological reasons. This most certainly makes a difference for the metabolic response to high dietary P intakes as to postprandial serum P and PTH levels (Siedler and Dobenecker 2016) . Phosphate additives used in highly processed food contribute to the overall high dietary P intake and are assumed to be detrimental for renal health (Razzaque, 2011; Ritz et al., 2012; Siedler & Dobenecker, 2016; Takeda et al., 2017) . The definitive amount of P from food additives often cannot be quantified (Lampila & McMillin, 2017) although this would be of critical importance not only for patients with renal disease but in evaluating potential health risks associated with high P intakes (León, Sullivan, & Sehgal, 2013; Uribarri & Calvo, 2003) .
The results of this retrospective study, despite its limitations, hint at a link between a high, long-term P intake and renal disease in cats. Further investigations and preferably the definition of a safe upper limit for P are warranted.
